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The development of microspectrophotometry and the  necessary 

instrumentation t o  iden t i fy  organic molecules i n  studying the  di:~-!xi.istry 

of l i v i n g  c e l l s  has progressed t o  the extent  that there  a r e  now severa l  

functioning instruments i n  our laboratory. The instrumentation vas begun 

i n  1960; these microspectrophotometers have been designated as M-1, M-2, 

M-3, and M-4. 

presented i n  various reports  and publications (1-6). 

The design and performance of these instruments have been 
i J  

Based on our experience, a completely new instrument i s  now being 

constructed i n  our experimental shop. The M-3 and M-4 microspectrophotometers 

now i n  use i n  the laboratory a r e  l imited i n  t h e i r  response by the 

e lec t ronics  and by the 'type of recorder used. A new instrument, M-5, 

now under construction w i l l  use a recorder with a D'Arsonval-type pen 

dr ive r a the r  than the servomechanism. Also, the e lec t ronics  w i l l  be much 

more ve r sa t i l e  i n  response speeds. The new recorder and e lec t ronics  

w i l l  permit scanning the spectrum, 4.00 t o  700 mu, i n  a minimum time of 

t e n  seconds as compared w i t h  the  time of approximately two t o  four  minutes 

f o r  the same part of the  spectrim. 

The main improvement i n  t h i s  instrurient has been i n  s e n s i t i v i t y  

by using an EMI 9558a photomultiplier tube which has a spec t r a l  response 

from 162 mp t o  840 mp, w i t h  a quantum e f f i c i e x y  of about 20$ from 200 

t o  420 mp, 10% eff ic iency a t  480 mp, and 1% eff ic iency a t  785 mp. The 

dark current  noise i s  extremely low and with cooling (-12OC) i s  almost 

negl igible .  The l e v e l  of l i g h t  w i l l  be l imited t o  this dark current  

noise. A Canalco rapid-scanning monochromator, which was purchased f o r  
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t h i s  purpose, functions wel l  i n  the instrument. 

a 600 line/mm gra t ing  and has t e n  d i f fe ren t  speeds from two seconds t o  

1000 seconds over 200 t o  800 mp. 

a t  500 mp. 

This monochromator has 

Its  dispers ion i s  4 m d m m  and peaks 

The l i g h t  i s  about 10 t o  20 per cent polarized, which i s  

a disadvantage found i n  a l l  grating monochromators. 

plate, which can be used, cuts  down the polar izat ion.  

A quartz d i f f u s i n g  

The accuracy i n  measuring the r e l a t ive  percentage of absorption as 

far as e lec t ronics  a r e  concerned primarily depends on the  r e l a t ive  

heights  of the two pulses, the sample and reference, i n  the pulse 

pa i r .  The l i g h t  from the  sample and reference areas  i s  not measured 

simultaneously but  a l t e r n a t e l y  i n  time, because a s ingle  photomultiplier 

is  employed. Therefore, i f  the overall  accuracy i s  t o  s t ay  within one 

per cent, any change i n  the re la t ive  height of the pulses due t o  r e l a t ive  

s p e c t r a l  quantum eff ic iency of the photocathode, the r e l a t ive  spec t r a l  

d i s t r ibu t ion  of the  l i g h t  source, or  the gain of the amplif icat ion should 

be within one per cent during the  time f o r  one pair of pulses. 

a short-scanning run-time requkres a correspondingly shor t  pulse pair-time. 

Consequently, 

The desired shor t  pulse pair-time required the development of a precision, 

high-speed chopper and spec ia l  e lectronic  clamping c i r c u i t s  i n  the 

amplif ier .  
b 

A precis ion chopper constructed i n  the laboratory w i l l  chop 

the l i g h t  a t  480 cps. 

I n  order t o  view specimens which a re  photosensitive, spec ia l  techniques 

a r e  necessary. 

"bleaching" e f fec ts .  

reduces the bleaching; however, it a l s o  reduces the op t i ca l  resolut ion.  

A cold s tage on the microscope helps reduce thermal 

Another i s  the use of an infra-red cmverter ,  which 
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I n  order t o  overcome these inadequacies we a re  inves t iga t ing  the i m g e  

i n t e n s i f i e r  which allows us t o  view specimens under very low li&t leve l s  

of i l luminat ion and with increased op t i ca l  resolution. A par t  Aese 

invest igat ions a re  being car r ied  on i n  col.laboration with Prof'zssw 

George T. Reynolds i n  the  high energy physics laboratory a t  Princeton 

University . 
A schematic of the  microspectrophotometer, M-5, i s  i l l u s t r a t e d  i n  

u 

Figure 1. The adaptab i l i ty  of t h i s  instrument t o  space exploration has 

a l s o  been considered i n  i ts  design. This adaptab i l i ty  includes 
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performance, specimen handling, and focusing. 
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